Abstract: Construction projects are completed as a result of merging many events and interactions, with varying participants and processes in a constantly changing environment. Many of these events and interactions can be defined and measured in the form of project competencies, which can be used to differentiate superior from average performance. This paper presents a definition and breakdown of project competencies, their evaluation criteria, and their measures for use in the construction context. Data collected from seven construction projects are used to evaluate the different project competencies for owners and contractors and to determine the relative importance of their evaluation criteria. This paper contributes to the existing body of knowledge by: 1) defining project competencies for the construction context, 2) developing a detailed breakdown of project competencies and their evaluation criteria, and 3) devising measures with which to properly evaluate qualitative and quantitative project competencies and their evaluation criteria on construction projects, leading to improved performance for construction projects and organizations.
INTRODUCTION
Project competencies in general are difficult to define, group, and measure due to the multidimensional and subjective nature of their assessment. Previous research has addressed project competencies in construction by describing project competencies, in many situations, as project performance; it thus did not investigate project competencies as a prerequisite for project performance evaluation, or the fact that project competencies are leading indicators for project performance improvement (Fayek 2012) . For project competencies to be evaluated, a definition of project competencies needs to be established, detailed evaluation criteria need to be identified, and finally, appropriate measures for each competency need to be developed. Markus et al. (2005) identified three fundamental problems related to project competencies' evaluation and measurement: First, are the measures applied to quantify project competencies actually measuring project competencies? Another associated issue is that many project competencies are evaluated using self and supervisor ratings, and sometimes by peers. Thus, the assessment of project competencies is likely to suffer from reliability problems. Second, are the identified project competencies suitable for assessment? This is important because project competencies require a sufficient level of detail that can capture the normative productionrelated processes and individual behaviors. Third, is there evidence for benefits that result from adopting a competency evaluation approach? The underlying assumption of all project competencies' initiatives is that they will lead to improved job performance. Therefore, defining, grouping, and measuring project competencies will result in a better understanding and identification of the requirements for successful execution of construction projects. A synopsis of previous research is first required to provide a basis for developing a definition for project competencies that is suitable for the construction context. Then, a detailed breakdown of project competencies is required to better evaluate them. Finally, project competencies' measures need to be developed in order to capture the multidimensional and subjective nature of project competencies' evaluation criteria. Sparrow 1995; Kululanga et al. 2001; Walsh and Linton 2001; Markus et al. 2005 ; Construction Industry Institute 2005; Alroomi et al. 2011; Fayek 2014, 2016) . The main motivation behind evaluating project competencies is, as described by Markus et al. (2005) , to improve organizational and job performance. Sparrow (1995) integrated the different concepts of organizational competencies presented in previous research throughout different levels of the organization. Sparrow (1995) described three main approaches to measure organizational competencies. The "management competence" approach was introduced to measure effectiveness across different occupations and sectors within an organization. A "behavioral competence" approach was investigated to evaluate individuals and complement the "management competence" approach by measuring effectiveness across different occupations and management hierarchies within an organization. The third approach, "core competence", emerged to identify the resources and capabilities of the organization that are connected to overall performance. Sparrow concluded that in order for organizations to emerge from the current chaos in the business environment, looking for ways to re-integrate the three approaches (i.e., management competence, behavioral competence, and core competence) in organizations and their human resources management (HRM) systems is essential.
Specifically, "helping organizations create broad selection and assessment systems based around organizational-level behavioral competencies may offer an attractive way forward to compete in today's market" (Sparrow 1995) . Kagioglou et al. (2001) developed a conceptual framework that integrated the main themes of performance management, such as organizational strategy, and linked them to different project performance indicators. The conceptual framework deployed a set of processes for performance management and improvement. The strategies were articulated in a set of processes that are monitored to improve different aspects related to project performance. Walsh and Linton (2001) investigated core competencies, where a distinction between competencies and capabilities was made. Competencies were defined as "firm-specific technologies and production-related skills", while capabilities were defined as "firm-specific business practices, processes, and culture" (Walsh and Linton 2001) . The implementation of the two concepts stated by Walsh and Linton requires a deep understanding of what core competencies are. A core competency is a "relative pursuit"; companies and projects tend to gauge their competencies in terms of benchmarking. Accordingly, in their study, Walsh and Linton assessed competencies to achieve superior performance. Markus et al. (2005) investigated the benefits of applying competency models in the human resources (HR) systems and practices of New Zealand organizations.
Three approaches were identified for modeling competencies: the educational, the psychological, and the business approach.
The educational approach centered on functional role analysis, which was based on "role outcomes, or knowledge, skills, and attitudes, or both, required for role performance" (Markus et al. 2005) . The psychological approach identified competencies based on "the skilled behavioral repertoires of recognized star performers within particular organizations" (Markus et al. 2005 Alroomi et al. (2011) proposed an estimating corecompetency framework and methodology to prioritize cost estimators' behavioral competencies on the basis of the combined effects of each competency's level of importance and the gap existing between its ideal and actual level of implementation. A correlation analysis between the different behavioral competencies was conducted to measure the degree of relationship between them. Factor analysis was then used to group the predefined behavioral competencies into factor groups.
A study by the Construction Industry Institute (2013) identified 10 sets of inputs (i.e., project competencies) throughout the project life cycle as leading indicators for evaluating project performance. The CII's 10-10 Performance Assessment Program evaluates project competencies using simple statementbased questions, where 10 leading indicators (i.e., input measures representing project competencies) are obtained throughout the project's different phases. Project management teams can use these leading indicators to identify potential areas for improvement. This diagnostic capability aids in the development of corrective actions to improve project performance. Fayek (2014, 2016) proposed a framework for measuring project competencies.
The proposed framework categorized the different project competencies into technical and behavioral project competencies.
Technical project competencies stem from organizations, while behavioral project competencies are attained by individuals. Together, the two project competency categories contribute to better performance on construction projects.
Previous research indicates that a comprehensive project competencies evaluation approach has yet to be developed for the construction context. Furthermore, project competencies have been used, in many situations, as a measure of project performance rather than as leading indicators for project performance. Distinguishing between project competencies and project performance is necessary to better evaluate project competencies.
A detailed breakdown of project competency evaluation criteria is also necessary to achieve this end. Finally, measures applied to quantify project competency evaluation criteria need to be developed and checked for suitability to avoid any bias in their assessment, as described by Markus et al. (2005) . This paper overcomes existing limitations in previous research by establishing the following: 1) a definition of project competencies that is suitable for the construction context; 2) a detailed breakdown of evaluation criteria to better evaluate the different project competencies; and 3) measures that better assess the different project competencies' evaluation criteria.
PROJECT COMPETENCIES:
DEFINITIONS, EVALUATION CRITERIA, AND MEASUREMENTS Fayek 2014, 2016) led to identifying two main categories of project competencies for the construction context. The first category, functional competencies, is attributable to how an organization functions on a construction project, and the second category, behavioral competencies, is attributable to individuals' attained competencies on a construction project. Functional competencies are defined as the knowledge and production-related skills in a construction project that stem from the organization to assist in the execution of tasks on a construction project. Behavioral competencies are defined as a mixture of knowledge, skills, abilities, motivations, beliefs, values, and interests attained by individuals that assist in the execution of tasks on a construction project.
A set of 21 functional competencies was identified from previous research (Sparrow 1995 Table 1 . A detailed list of the functional competencies and their evaluation criteria, ranked in terms of relative importance based on the collected data (described later in the paper), is provided in Appendix 1.
To capture the subjectivity and uncertainty associated with the evaluation of the various functional competencies' evaluation criteria, two measurement scales were identified for each. The first scale is the maturity scale (Sarshar et al. 2000; Willis and Rankin 2010; Willis and Rankin 2012) , which measures the extent to which the different evaluation criteria on a construction project exist and the degree to which they are implemented. Table 2 displays a maturity scale that is adapted from the work of Sarshar et al. (2000) and Rankin (2010, 2012) .
The second measurement scale, the importance scale, is used to prioritize the evaluation criteria pertaining to each functional competency.
Five-and sevenpoint bipolar importance scales are commonly used to capture the importance of evaluation criteria. The five-point importance scale is more advantageous as it tends to strike a good balance between having enough points to enable discrimination without having too many options for respondents to choose from (Nunnally 1978) . Therefore, a five-point importance scale ranging from 1, "extremely unimportant", to 5, "extremely important", was identified for measuring the importance of the evaluation criteria pertaining to the different functional competencies Fayek 2014, 2016) .
A set of 20 behavioral competencies was identified from previous research (Provost and Leddick 1993; Sparrow 1995; Kululanga et al. 2001; Walsh and The 20 behavioral competencies were broken down into a total of 86 evaluation criteria.
For example, a sample of the evaluation criteria pertaining to the leadership behavioral competency is shown in Table 3 . A detailed list of all the behavioral competencies and their evaluation criteria, ranked in terms of their relative importance based on the collected data (described later in the paper), is provided in Appendix 2.
Similar to the functional competencies, two scales were identified for measuring the different behavioral competencies. The first scale is an agreement scale. In his theory of planned behaviors, Ajzen (1991) suggested the use of a seven-point bi-polar linguistic scale ranging from a negative evaluation (e.g., strongly disagree) on one end to a positive evaluation on the other end (e.g., strongly agree) to form a bipolar continuum for evaluating subjective and uncertain human behaviors. This scale is used to measure the degree of existence of the different evaluation criteria pertaining to behavioral competencies Quantitative process control is used across the organization to proactively manage the execution of the practice on this project. Level 5
Continuous process improvement is used across the organization to optimise the practice on this project. within teams performing work on a construction project Fayek 2014, 2016) . Similar to the functional competencies' evaluation criteria, the second scale used to measure the behavioral competencies is the importance scale.
The aforementioned categories of project competencies (i.e., functional and behavioral competencies) capture the organizational and behavioral attributes related to the work executed on construction projects. Additionally, the measures developed for the evaluation criteria enable the project competencies to be evaluated in greater detail and capture the uncertainty and subjectivity associated with their evaluation criteria. Following the development of the different project competencies, their evaluation criteria, and their measures, a validation process was conducted to evaluate their suitability in evaluating project competencies on construction projects.
Validating Project Competencies
The first step in the validation process involved a workshop held with 40 construction practitionersincluding owners, consultants, and contractors-with different managerial positions ranging from field operations to senior management, and with varying levels of work experience ranging from 5 to over 30 years. The project competencies (i.e., functional and behavioral competencies) were presented in the workshop to verify and identify any additional competencies that were not included in the initial lists of competencies. A consensus approach between construction practitioners was used to identify any additions, modifications, and/or deletions of existing project competencies and their evaluation criteria. The functional and behavioral competencies, their criteria, and their measures were then validated on a pilot construction project and found to be suitable and comprehensive in the construction context.
Following this validation process, data were collected from seven construction projects and analyzed to compare owners' and contractors' project competencies.
CASE STUDY: EVALUATING OWNERS' AND CONTRACTORS' PROJECT COMPETENCIES
Six construction companies participated in this study, providing seven construction projects for data collection and analysis. Table 4 shows key information about the seven construction projects.
Project Competencies Data Collection Tools and Sample Size Determination
Sets of interview surveys were first developed to collect the different functional and behavioral competencies on construction projects. For the functional competencies, a survey was developed to be completed by management staff who oversee the application of the different organizational practices on a construction project. For the behavioral competencies, two sets of surveys were developed-each to be completed by different personnel on the construction project.
Functional Competencies Survey
The functional competencies survey has two sections. The first section collects information related to the construction company, project, and respondent. The second section evaluates the different functional competencies of a construction company on the project level. Each functional competency is then divided into a set of evaluation criteria (see Table A1 ). In turn, each of these criteria is evaluated, as described earlier, using the importance scale and the maturity scale. For the importance scale, each evaluation criterion pertaining to a given functional competency is assigned an importance scale value ranging from 1, "extremely unimportant", to 5, "extremely important". Then, each evaluation criterion is assigned a maturity scale value ranging from 0, "Use of the practice is non-existent on this project", to 5, "Continuous process improvement is used across the organization to optimize the practice on this project".
Behavioral Competencies Surveys
Two behavioral competencies surveys were developed. The first survey is the supervisor behavioral competencies survey to evaluate supervisors' team(s). It consists of two sections: the first section collects information related to the supervisor's years of experience, position, and the complexity of the projects they have worked on; the second section asks the supervisor to evaluate his/her team's different behavioral competencies at the project level. Each behavioral competency is divided into a set of evaluation criteria (See Table A2 ), each of which is evaluated, as described earlier, using the importance scale and the agreement scale. For the importance scale, the supervisor assigns an importance scale value ranging from 1, "extremely unimportant", to 5, "extremely important", to each evaluation criterion pertaining to a given behavioral competency. Then, the supervisor assigns each evaluation criterion an agreement scale value ranging from 1, "strongly disagree", to 7, "strongly agree". The second behavioral competencies survey is the team self-evaluation survey, which team members complete to perform a self-evaluation of their own team. It consists of two sections: the first section collects information related to the team member's years of experience, position, and the complexity of the projects they have worked on; the second section asks the team member to evaluate his/her team's different behavioral competencies at the project level. For each behavioral competency, a subset of the evaluation criteria is considered for evaluation; each of these criteria is evaluated using only an agreement scale ranging from 1, "strongly disagree", to 7 "strongly agree".
Project Competencies' Sample Size Determination and Reliability Check
Data collection commences with the identification of the different occupational clusters in each construction project. Initially, the occupational clusters are divided into management (e.g., project managers), superintendents, foremen, and tradespeople.
Determination of the sample size, (i.e., the number of respondents to be surveyed from each of the different occupational clusters of workers) is performed to ensure the reliability and accuracy of the results.
The survey population, in terms of the total personnel, is stratified into management, superintendents, foremen, and tradespeople. Once the population for each stratum is established, random sampling is taken. Stratified random sampling is an appropriate method in this situation since the structure within the population of each stratum is assumed to be similar in terms of roles and functions (Fellows and Liu 2015) . Additionally, random sampling ensures that potential respondents have an equal chance of being selected, and thus avoids biased selection of respondents based on convenience (Montgomery and Runger 2013) .
The functional competencies' survey is completed by management staff who oversee the application of management practices on a given construction project. The behavioral competencies surveys are completed by a team's supervisor and by randomly selected team members, as described previously. For the behavioral competencies' survey, a consistency analysis (Cronbach 1951 ) is then performed to ensure that the collected data reliably captures behavioral attributes (Ajzen 1991) and to overcome existing limitations in competency models (Markus et al. 2005) . A Cronbach's alpha coefficient is used to examine the reliability of the data collected from the supervisors and from their randomly selected team members' self-evaluations. This test, completed prior to data analysis, is used to measure the internal consistency of the collected data (Cronbach 1951) . Ranging between 0.0 and 1.0, the closer the Cronbach's alpha coefficient is to 1.0, the greater the internal consistency of the data collected from the different respondents. George and Mallery (2003) stated that values below 0.5 are unacceptable. Accordingly, if for the analysis of a certain project team the Cronbach's alpha coefficient is greater than 0.5, then the supervisor's behavioral competencies evaluation is considered for further analysis. Otherwise (i.e., Cronbach's alpha coefficient < 0.5), the supervisor's behavioral competencies evaluation is excluded from further analysis.
ANALYSIS, RESULTS, AND DISCUSSION
The stratified random sampling approach was used on seven construction projects to identify the number of respondents from each project required to complete the functional and behavioral competencies surveys. A total of 18 functional competencies surveys and 155 behavioral competencies surveys were collected from the seven construction projects. Out of the 155 behavioral competencies surveys, 30 supervisor behavioral competencies surveys and 125 team selfevaluation behavioral competencies surveys were considered for analysis; the latter were collected to ensure consistency between the supervisors' evaluations and their respective teams' self-evaluations using the Cronbach's reliability test as described earlier. None of the supervisorsąŕ surveys were excluded from the analysis (i.e., Cronbach's reliability test results ranged from 0.71 to 0.99). The data collected through the surveys for the seven construction projects were evaluated to determine the average functional competency maturity score and behavioral competency agreement score for owners and for contractors. The results of these evaluations are presented in Figure 1 The results of the functional competencies evaluations for owners and contractors indicate that, according to the developed maturity scale shown in Table 2 , neither owners nor contractors use a quantitative process control across the organization to proactively manage the execution of the different functional competencies on construction projects (Level 4), with the exception of project safety management. For owners, most of the functional competencies have a disciplined process across the different projects within the organization (Level 3). For contractors, most of the functional competencies have a disciplined process applied at the project level (Level 2).
On the other hand, contractors are found to perform better than owners in some functional competencies (project scope management, project resource management, project technology integration, project innovation, and project human resource management); these functional competencies are more specifically related to contractors performing work on construction projects. For the behavioral competencies, evaluating the data collected from the seven construction projects revealed that owner teams possess higher levels of behavioral competencies than contractor teams. This finding may be attributable to the fact that owner teams are more consistent in terms of employment and do not encounter as much turnover in terms of team structures, team members, and employment duration as compared to contractor teams.
CONCLUSIONS
This paper addressed an existing research gap related to identifying and measuring project competencies in the construction industry.
A definition of project competencies based on an extensive review of previous research was first established.
Then, detailed lists of project competencies and their evaluation criteria were developed to better quantify the different project competencies (i.e., functional and behavioral competencies).
Next, measures including maturity, agreement, and importance scales were developed to better capture the subjectivity and uncertainty associated with evaluating project competency criteria on construction projects.
The developed project competency definitions, evaluation criteria, and measures were validated using a workshop and a pilot project. Finally, a comparison between owners' and contractors' project competencies was performed to evaluate each, and findings pertaining to the evaluation of owners and contractors' project competencies were presented. This paper contributes to the existing body of knowledge in project competencies by providing a definition for project competencies that is suitable for the construction context. Additionally, it also provides detailed breakdowns of project competencies and their evaluation criteria, ranked in terms of relative importance, that can be used to better evaluate project competencies on construction projects. Finally, this paper demonstrates the application of several identified measures to capture organizational practices and teams' behavioral attributes (i.e., functional and behavioral competencies) on construction projects in order to improve project performance through comprehensive assessment of projects competencies.
The developed breakdown of project competencies and their measures will be used, in future research, as leading indicators to establish a relationship between project competencies and project performance. First, project performance measures (i.e., KPIs) will be identified. Then, the relationships between project competenciesas leading indicators of project performance measuresand project performance measures will be identified and quantified through the application of advanced fuzzy hybrid modeling techniques (e.g., fuzzy neural networks). Identifying these relationships will indicate which project competencies affect project performance measures and will ultimately help improve the evaluation of project competencies and project performance on construction projects. In this way, identifying the relationship between project competencies and project performance will ultimately lead to improved performance for construction projects and organizations.
